Introduction

I
n 1948, the World Health Organisation (WHO) defined health as 'a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity'. 1 Since then, the WHO definition has been criticised, but never adapted. Examples of such criticism include the concern that the WHO definition's emphasis on complete physical well-being could (unintentionally) contribute to the medicalisation of society as well as the fact that it minimises the role of the human capacity to cope with life's challenges and to function with a feeling of well-being while having a chronic disease or disability. 2 Therefore, Huber et al. 2 proposed to formulate health as 'the ability to adapt and to self-manage', which was elaborated into the 'positive health approach'. Vitality can be regarded as an important concept of this positive health approach. There are several descriptions of vitality, which can mainly be described by a mental (i.e. mental and emotional well-being, lower levels of fatigue, mental resilience and perseverance) and a physical (i.e. high energy levels and feeling 'strong and fit') component. [3] [4] [5] [6] [7] However, to make the description of vitality more concrete for the adult general (i.e. healthy) population, Strijk et al. 8 described vitality based on (scientific) literature and expert opinions according to three dimensions: energy, motivation and resilience. Energy is characterised by feeling energised. Motivation refers to setting goals in life and putting effort in achieving them. Resilience consists of the ability to deal with everyday problems and challenges in life. Vitality is hypothesised to be influenced by sociodemographic and environmental characteristics and to be associated with both participation and societal costs as outcomes. Participation is ranked high on the political agenda, as society functions most optimally when everyone contributes to his or her ability. 9 Various kinds of participation exist, including: (i) economic participation (i.e. participating in paid work), (ii) societal participation (i.e. volunteering in formal non-profit organisations) and (iii) social participation (i.e. contact with family and friends). 10, 11 Economic participation is most frequently studied in relation to vitality or vitality-related concepts (e.g. well-being, health, quality of life). At the European level, the SHARE study showed an association between poor well-being and the intention to retire at a relatively young age. 12 Only a few studies investigated vitality-related concepts and the association with other forms of participation. For societal participation, evidence exists that people with greater well-being invest more hours in volunteer service and that the selfreported health of people giving informal care (i.e. providing unpaid care to relatives) is worse than that of people not giving informal care. 13, 14 Therefore, it is expected that people who are more vital do voluntary work more often and give informal care less often. Specifically in older adults, higher self-perceived health and wellbeing was found to be associated with social participation. 15 Declined health, on the other hand, created feelings of isolation, because older adults with low perceived health and well-being were no longer able to keep in touch with others. 16 In this study, it is therefore hypothesised that vitality will also show a positive association with social participation, not only in older adults, but also in the general population. 17 As mentioned above, vitality is also hypothesised to be associated with societal costs. Vitality is related to health, which is well known for its negative relationship with various costs, such as healthcare and productivity costs (e.g. presenteeism and absenteeism costs). 18 However, there is no research available yet on the association between vitality, participation and societal costs. This is likely due to the fact that concept of vitality and the accompanying positive view on health are relatively new. The scientific value of this study is to be the first to explore the associations between vitality (i.e. energy, motivation, resilience) and its expected outcomes in terms of participation and societal costs.
Methods
Study design and population
In a cross-sectional study design, the associations between vitality and participation and vitality and societal costs were explored among 8015 Dutch adults aged 20 years and over. The study sample was representative for the Dutch adult population in terms of gender, age and education level and was based on an online panel consisting of 32 000 Dutch citizens. Data collection was performed using an internet survey.
Measurements
Vitality
Vitality during the last month was measured using the Dutch Vitality Questionnaire (Vita-16), which includes 16 items rated on a seven-point scale, ranging from 'rarely'(1) to 'always'(7), with higher scores indicating a better subjective vitality. The Vita-16 measures the three dimensions of vitality: energy (five items), motivation (six items) and resilience (five items). An overall vitality score (1-7) was calculated using the following formula:
A previous study showed that the Vita-16 has good psychometric properties with a good internal consistency (Cronbach's a = 0.95). 8 In addition, the scale showed good construct validity.
Participation
Economic participation Sustainable employability was assessed using two items of the Netherlands Working Conditions Survey (NWCS). 19 Participants were asked until what age they expected to (i) be able and (ii) be motivated to work. Work absenteeism was assessed using two NWCS questions measuring sick leave. 19 Work performance was assessed using an item of the 'World Health Organisation -Health and Work Performance Questionnaire (WHO-HPQ)'. 20 Workers were asked to rate their overall work performance during the previous 3 months on an 11-point scale, ranging from 'worst performance' (0) to 'best performance' (10).
Societal participation Societal participation measures were assessed using two items of the 'Dutch National Public Health Monitor', asking participants whether they did voluntary work and/or gave informal care during the last 12 months and if yes, whether they experienced giving informal care as a burden on a five-point scale, ranging from 'not at all/barely' (0) to 'overburdened' (4). 21 Social participation Social participation consisted of the quantity and quality of social contacts. The quantity of social contacts was measured using three questions of the 'Dutch National Public Health Monitor', 21 asking participants about their frequency of contacts with family members (i.e. those not living in their own home), friends and neighbours. These questions were answered on a six-point scale, ranging from 'Rarely or never' (1) to 'At least once a week' (6). The six-point scale was subsequently dichotomized into frequently having (i.e. at least once a week, three times a month, twice a month) and infrequently having (i.e. once a month, less than once a month, rarely or never) social contacts. Quality of social contacts was measured using three items measuring social optimism (i.e. perceived social support), derived from 'The Resilience Monitor'. 22 A mean score of these items was subsequently calculated, ranging from 'Totally disagree'(0) to 'Totally agree' (5). 22 
Societal costs
Healthcare utilisation during the last 3 months was measured using 11 questions on the use of primary and secondary healthcare; both valued using standard costs, 23 and medication use, valued using cost prices derived from the Royal Dutch Society of Pharmacy. 24 If unavailable, prices according to professional organisations were used.
An overview of the cost prices used for valuing healthcare costs is provided in Table 1 .
Work performance was measured using the WHO-HPQ questionnaire as described under economic participation. The loss of productivity while at work (i.e. presenteeism) was measured using the following formula:
Presenteeism ¼ 10 À work performance according to WHO À HPQ 10
The number of presenteeism days (i.e. number of days lost due to presenteeism) was estimated by multiplying the participants' presenteeism score by the number of days worked during the previous 12 months (i.e. number of workable days -sickness absence days). Subsequently, presenteeism days were valued using age-and gender-specific price weights. 23 Absenteeism was measured by asking participants how many days they were absent from work during the past 12 months. The cost of one sick leave day was estimated using age-and gender-specific price weights. 23 Subsequently, absenteeism costs were estimated using the Friction Cost Approach (FCA), which assumes that production losses solely occur during the friction period (i.e. period needed to replace a sick worker, which is assumed to be 23 weeks in the Netherlands). Thus, if the participants' total number of sick leave days exceeds 23 weeks, absenteeism costs were truncated at the cost of 23 weeks.
Absenteeism and presenteeism costs were combined to form the total cost for the employer (i.e. employer costs). Total employer costs and healthcare costs together formed the total societal costs. All costs were converted to 2013 Euro's using consumer price indices. 25 If necessary, cost measures were extrapolated over a 12-month period.
Statistical analysis
Distributions of the continuous variables were described using means and standard deviations (SD). Dichotomous and categorical variables were described using frequencies and percentages. Linear (for continuous outcome variables) and logistic (for dichotomous outcome variables) regression analyses were used to assess the association between vitality and all outcome variables. We also tested for confounding variables and effect modifiers. Variables identified as potential confounders or effect modifiers were gender, age, educational level, country of birth, smoking, chronic disease, marital status and weight status. Both crude and adjusted regression models were performed. Confounding was considered to be present when the coefficient changed by 10% or more after adding the potential confounding variable to the regression model. 26 Effect modification was considered present if the interaction term was significant and led to meaningful differences (in terms of relevance) in the stratified analyses. If there were no confounding variables, coefficients are only displayed as adjusted regression analyses and not as crude. Bias-corrected and accelerated (BCa) bootstrapping was applied to estimate the uncertainty for all cost-outcomes to deal with their highly skewed nature. 27 Analyses were performed using SPSS version 20 and statistical significance was defined as P < 0.05.
Results
Characteristics of participants
A total of 20 014 adults were invited to participate in the internet survey. The response rate was 40.1%, resulting in a sample of 8015 adults with a mean age of 46.0 years (min-max: 20.0-92.0; SD = 15.2) that completed the online questionnaire. Women represented 50.2% of the population and most participants had a medium level of education (40.7%), were born in the Netherlands (96.5%), had no chronic disease (54.2%) and lived together (60.8%). During the previous 12 months, a third of the participants did voluntary work and one in five gave informal care. Furthermore, the majority had frequent contact with family, friends and neighbours ( Table 2 ). The mean vitality score of the participants was 4.4 (SD = 1.1). As for sustainable employability, the average age participants indicated that they wanted to stay on working was 64.4 (SD = 6.3), whereas they thought to be able to work until the age of 65.2 (SD = 8.6).
Associations between vitality, participation and societal costs
Results of crude and adjusted regression analyses are shown in Table 3 .
Associations between vitality and economic participation
On average, participants (aged 20-65) who scored one point higher on vitality indicated that they wanted to work 1.2 years longer (95% CI: 1.0-1.4) and thought to be able to work 2.1 years longer (95% CI: 1.8-2.4). Moreover, a higher vitality score was associated with a decreased chance of being absent from work for at least one day (OR = 0.8, 95% CI: 0.7-0.8) and a higher work performance score (95% CI: 0.5-0.5).
Associations between vitality and societal participation
A higher vitality score was associated with an increased chance of doing voluntary work (OR = 1.3, 95% CI: 1.2-1.3). Also, a higher vitality score was associated with an increased chance of giving informal care (OR = 1.1, 95% CI: 1.1-1.2) and a decreased perceived burden when giving informal care (b= À0.1, 95% CI: À0.2 to À0.1).
Associations between vitality and social participation
Vitality was positively associated with the quantity of social contacts, including contacts with family (OR = 1.4, 95% CI: 1.3-1.4), friends (OR = 1.5, 95% CI: 1.4-1.6) and neighbours (OR = 1.3, 95% CI: 1.3-1.4). Moreover, a one point higher vitality score was associated with a 0.3 point higher quality of social contacts score (95% CI: 0.3-0.3).
Associations between vitality and societal costs
A one point higher vitality score was associated with a decrease of E214 in healthcare costs per person (95% CI: E-311.1 to E-107.1), when adjusted for chronic disease and educational level. Presenteeism costs were E1293 lower when a participant scored one point higher on vitality (95% CI: E-1492.7 to E-1089.0). Absenteeism costs were adjusted for chronic disease and were E339 less, when vitality was scored one point higher (95% CI: E-465.4 to E-214.1). Also, when vitality improved with one point, total employer costs decreased with E1706 (95% CI: E-1945.1 to E-1451.3) and total societal costs with E1887 (95% CI: E-2170.7 to E-1605.7).
Discussion
The aim of this study was to explore the associations between vitality and participation and societal costs. This study showed that vitality was significantly associated with both of them; positively with participation and negatively with societal costs. 
Comparison with the literature and interpretation of the findings
Due to a lack of studies comparable with the aforementioned description of vitality, many of the present results cannot be compared with other studies regarding vitality. However, some studies were performed on vitality-related concepts, such as quality of life and health risks.
In line with the current results, van Scheppingen et al. 28 found vitality to be positively associated with work performance. Furthermore, Nilsson et al. 29 found that worker health was significantly associated with the age at which respondents were willing and able to retire. This is in line with the present results. As the retirement age in multiple European countries was recently raised (e.g. Netherlands from 65 to 67 years in 2023, Ireland from 65 to 68 Table 3 Results of the regression analyses years in 2028) and vitality was shown to be associated with sustainable employability, it is important to find means to increase vitality among the (working) population. The Vital@Work study showed, for example, an improvement in vitality (RAND-36 vitality scale and the vitality scale of the Utrecht Work Engagement Scale) for employees with high participation rates to the guided yoga sessions after 12 months follow-up, 30 but more research is needed to confirm these results.
As for societal participation, informal care giving was found to be positively associated with vitality in the current study, whereas Legg et al. 13 found a negative association between health and informal care giving. A possible explanation for this discrepancy could be that health, operationalized by Legg et al. 13 as self-perceived health over the last 12 months and the current description of vitality are not two interchangeable concepts. Consequently, people's energy, motivation and resilience could be unchanged and not affecting their ability to give informal care even though they are reporting poor health. Also, it is possible that people with poor health chose not to provide informal care. The adults included in this study who did provide informal care are the ones who score higher on the Vita-16 (data not shown). As the ageing population increases and the government is cutting healthcare budgets simultaneously, it is of great importance to maintain the vitality of informal care givers as they are needed more in the future.
The current results showed that vitality was positively associated with people's quantity and quality of social contacts. This finding is supported by other studies that showed that positive health is associated with social support, self-esteem and optimism. 31 As such, strategies aimed at improving vitality may also be a useful tool to prevent social isolation.
The present study showed that vitality was negatively associated with healthcare as well as productivity-related costs (including both absenteeism and presenteeism). This is in line with previous research findings indicating that such costs are generally higher among people with and those at risk of getting health problems. 32, 33 According to the present study, when vitality is scored one point higher it is associated with 16% less healthcare costs and 13% less productivity costs. Although cross-sectionally explored, this suggests that interventions aimed at promoting vitality have the potential to generate large cost savings, both to the employer and society as a whole.
Strengths and limitations
One of the main strengths of this study is the fact that it was the first to explore the association between vitality and its relevant outcomes (i.e. participation and societal costs). No other studies were found that took both participation and societal costs into account. Nowadays, however, both outcomes are increasingly important due to the shift towards the positive health approach, the ageing of the population, as well as the scarcity of healthcare and productivity-related costs. Another strength is the large number of participants (n = 8015).
Several limitations deserve attention as well. First, the current study sample was not entirely representative for the Dutch adult population. To illustrate, it was not representative in terms of country of birth, as national data indicate that 11.4% of Dutch citizens were born outside the Netherlands, 25 whereas this percentage was only 3.5% in the current study. Thus, ethnic minorities were underrepresented. As the self-perceived health of ethnic minorities was previously found to be poorer, 34 the mean vitality score could be slightly overrated. Future research should therefore include more ethnic diversities. Furthermore, the number of elderly reached was limited (11.3% aged above 65, against 16.8% according to CBS StatLine data), which was probably due to the fact that the questionnaire was distributed via internet and only 34% of people aged 75 years and over used the internet in 2012. 35 Further, as a cross-sectional design was used to determine the association between vitality, participation and societal costs, it is not possible to make causal inferences. Therefore, future studies into the causal relationship between vitality, participation and societal costs should be performed using a longitudinal design to confirm these results and to verify causality. It is also important to look into existing interventions aimed at adults that are proven effective for certain target groups and may contribute to maintaining and/or promoting vitality. Intervention studies are needed to check for causality and to test whether promoting vitality will result in the expected positive health outcomes and lower costs.
Implications study findings
The present study was a first exploration into the concept of vitality and its association with participation and societal costs. Further research, using a longitudinal design, is needed to make causal inferences. Although causality should be verified, this study gives indications that vital people are likely to have significantly lower costs. Hence, it is important for society to maintain and/or promote vitality in the adult population. Moreover, due to the large sample size in this study, the probability of finding statistical significant associations is high. Future research should determine which associations contain relevant clinical differences and which interventions should be used to achieve significant health gains.
Conclusion
This study indicates that vitality is positively associated with participation and negatively associated with societal costs. As such, strategies aimed at improving the vitality of the Dutch adult population might be a possible mean to increase participation and to reduce healthcare, presenteeism and absenteeism costs in the future.
Funding
This study was financially supported by the Dutch ministry of health, welfare and sport.
